This paper provides a comprehensive analysis of the link between suicidal behaviors and labor market productivity of young adults in the United States. Using data from the National Survey of Adolescent Health (Add Health), we estimate the effects of suicide thoughts and suicide attempts on the work and schooling activities of young adults as well as on their hourly wage rates. The richness of the data set allows us to implement several strategies to control for unobserved heterogeneity and the potential reverse causality. These include using a large set of control variables that are likely to be correlated with both the suicidal behavior and the outcome measures, an instrumental variables method, and a twin fixed effects analysis from the subsample of twin pairs contained in the data. The longitudinal nature of the data set also allows us to control for past suicide thoughts and attempts of the individuals from their high school years as well as the suicide behaviors of the members of their family.
I. Introduction
The suicide rate among youths has reached an alarming rate in recent years and is now the third leading cause of death for those aged 15-24 (Anderson and Smith 2003) . Since 1950, the suicide rate has tripled among youths (Cutler et al. 2000) . Even more striking is the number of suicide attempts by young individuals. For every teen that commits suicide, as many as 150 teens attempt suicide (Chatterji et al. 2004) . Concern over the health and well-being of youths has prompted the U.S. Department of Health and Human Services (DHHS) to develop a national strategy for suicide prevention. This comprehensive campaign includes developing public education campaigns, increasing the number of suicide prevention programs in schools, work sites and community services, and incorporating screening at primary health care facilities.
Suicide attempts, regardless of whether or not they are completed, impose real health care and other costs on individuals and society. For example, the direct medical costs associated with both completed and medically treated suicides by youths under 21 amounted to $945 million in 1996, and lost future earnings are estimated at $2.85 billion (Miller et al. 1999) . A suicide attempt can have adverse effects on one's current and future labor market productivity due to a bodily injury or permanent disability, lost credibility in the workplace, interruptions at work and school, lost interest in future employment efforts, and continuing psychological problems. Despite this strong link between suicidal behavior and labor market outcomes, our knowledge on the potential effects of suicidal behavior on labor market outcomes is very limited. This relationship is also confounded by the potential effects that poor labor market outcomes have in contributing to suicidal behaviors. This paper explores in depth the link between suicidal behaviors and human capital formation. Specifically, we focus on labor market and educational outcomes of young adults who are at a stage in life characterized by intense investment in human capital. These adults are in school, participating in job training or are just starting their careers. Disruptions to these 1 investments can have profound, long-term implications for future earnings and occupational choices. If there is a positive link between the quality of the initial job and future labor market success, the answer to this question will provide important insights into the long-term effects of suicidal behavior and will help structure a better-informed policy debate over the effectiveness of cognitive behavioral therapies and anti-suicide programs such as those implemented at high schools in the United States.
A study by the Center for Disease Control and Prevention (1992) documents that most antisuicide programs focus on teenagers with little emphasis given to suicide among young adults. This is partly due to the fact that teenagers in high school are easier to reach than young adults and partly due to a failure to appreciate that the suicide rate is generally twice as high among persons 20-24 years of age as among adolescents 15-19 years of age. The study recommends an expansion of the suicide prevention efforts for young adults 20-24 years of age.
The paper is organized as follows. Section II provides a summary of the previous evidence on the subject. Section III discusses the econometric methodology. Section IV introduces the data set and the variables used in the analyses. Section V summarizes the results. Section VI concludes the paper.
II. Background
Researchers believe that almost all individuals who commit suicide have a diagnosable mental disorder (Maris et al. 1992) . It has been estimated that two-thirds of people who commit suicide have a depressive illness; 5 percent suffer from schizophrenia; and 10 percent meet the criteria for other mental illnesses including borderline personality disorder. Mental illnesses, such as depression and panic disorders, are also primary risk factors for suicide thoughts and attempts (Alexopoulos et al. 1999 , Johnson et al. 1990 . The relationship between mental illness and suicidal behaviors also holds for youth (Fergusson and Woodward 2002) . One estimate shows that over 90 percent of children and adolescents who commit suicide have a mental disorder (Shaffer and Craft 1999) . The link between suicide and mental illness cannot be denied. Therefore, in this study, we use suicidal behavior as an outcome reflecting an underlying mental illness.
Suicidal behaviors and the underlying mental illness may influence labor market outcomes through direct and indirect channels. The direct mechanism may work through suicidal behavior causing lower productivity due to reduced concentration and cognitive abilities or absenteeism (Greenberg et al. 1990, Conti and Burton 1994) . The indirect mechanism may work through mental illness which may, for example, contribute to teenage pregnancy and marital instability, or may lead to low educational attainment, poor labor market productivity and lower wages , Overbeek et al. 2003 . Whether direct or indirect, suicidal behaviors can affect an individual's productivity which may have consequences for wages and earnings. If a positive link exists between the quality of a job early in adulthood and future labor market success, suicidal behaviors in early adulthood can have long-lasting implications.
The relationship from labor market outcomes to poor mental health also cannot be ignored.
Mental health may certainly be affected by wages and income. In the simplest case, more income can allow a person to purchase treatment for mental illness. Higher incomes might also remove stress from financial insecurity and contribute to good health. Hamermesh and Soss (1974) propose that suicide occurs when the total discounted lifetime utility, which is a function of permanent income, reaches zero. Aggregate suicide rates should therefore fluctuate with expectations about future income and the unemployment rate. Indeed, a number of studies on the economic determinants of suicide show that suicide rates fall with rising incomes and rise with the unemployment rate (see Marcotte 2003 for a review). In short, mental health status and labor market outcomes may be intertwined. In this case it is necessary to model the link between suicidal 3 behavior and labor market outcomes as simultaneous equations in order to obtain unbiased estimates.
To the best of our knowledge, only one previous study, Marcotte (2003) , has directly estimated the effects of suicide thoughts and attempts on labor market outcomes. The lack of economic studies on suicidal behavior is largely due to lack of individual level data. The majority of studies on the topic use aggregate data from sources such as vital statistics to look at the correlations between economic outcomes such as income and suicidal behavior. However, to the extent that the underlying behavioral mechanism that leads to suicide decisions and thoughts is based on micro-level utility maximization decisions, aggregate data analysis is unsatisfying (Marcotte 2003) . Using data from the National Comorbidity Survey conducted in 1991-1992, Marcotte (2003) finds that past suicide ideation is associated with lower current income. By contrast, past suicide attempts are associated with higher current income, perhaps because of income transfers from family members or the government following the attempt. Also subsequent mental health treatment may improve mental health and labor market outcomes. The sample size in this paper is 5,877 and the target population is all adults between ages 18-54. In contrast, we use a much larger sample in this study from a more recent survey and we explicitly look at the responses of young adult population between ages 18 and 26. Our outcome measures differ in that we examine school and work activities and the hourly wage rate. Finally, the cross-sectional nature of the data set used in Marcotte study and the lack of any potential instruments do not allow the author to rule out the possibility that his findings are due to heterogeneity (Marcotte 2003, p. 640) .
Despite the lack of evidence in the literature of the labor market effects of suicidal behaviors, a number of studies have examined the relationship between mental illness and labor market outcomes. Given the close link between suicide and mental illness, this literature can provide insights into the true nature of the relationship. Most of this research shows that poor 4 mental health is associated with reduced success in the labor market among adults. The first generation of papers focusing on the effects of mental health status on labor market outcomes acknowledges but ignores the potential endogeneity between the outcomes. Studies such as Taubman (1979, 1986) , Mullahy and Sindelar (1990) , and Frank and Gertler (1991) all show that individuals with reported or diagnosed mental disorders have worse labor market outcomes than other individuals. Taubman (1979, 1986) find that earnings are lower among individuals with a recent or past mental illness diagnosis. Mullahy and Sindelar (1990) find that people with both self-reported and diagnosed mental illnesses are associated with a lower probability of working. Frank and Gertler (1991) show that having a mental illness reduces earnings. This paper is also important because it shows the bias introduced by using a utilization based measure that disregards mental health status rather than population based measure of mental illness. The bias arises because only a subset of the mentally ill seek treatment.
The second generation of papers explicitly tests for and if necessary, accounts for, the endogeneity of mental illness in the equations for labor market outcomes. The results of these studies are generally consistent with the first generation studies and find worse labor market outcomes among mentally ill individuals. For example, Ettner et al. (1997) use the National Comorbidity Survey to study effects of the presence of specific mental illnesses (such as schizophrenia and major depression) on the probability of being employed, usual hours of work and annual income. The number of psychiatric disorders experienced during childhood and parental history of mental illness serve as instrumental variables. Results show that psychiatric disorders have detrimental effects on all three labor market outcomes. French and Zarkin (1998) examine the relationship between symptoms of emotional and psychological problems and earnings at a large worksite in the U.S. Results of tests for the endogeneity of mental health in the earnings equation leads the authors to treat mental health as exogenous. They find that earnings are lower and absenteeism is higher among those reporting mental health problems. Hamilton et al. (1997) examine the simultaneous relationship between unemployment and mental health. Using maximum likelihood estimation, the authors find evidence that being employed is associated with improved mental health and that being in poor mental health is associated with a lower probability of employment.
Our paper expands the second generation literature by looking at the effects of suicide thoughts and attempts, which are used as indicators of mental illness, on human capital formation. This is the first paper to examine schooling and labor market outcomes for a sample of young adults. The average age in many of the above mentioned studies ranges from 35 to 40. This paper also uses a variety of methods to control for the potential endogeneity of suicidal behaviors, which allows us to asses the validity of our conclusions. Lastly, our measure of mental health is population based rather than treatment based, the latter of which, as Frank and Gertler (1991) point out, can produce biased results.
III. Methods
The goal of this paper is to model the impact of suicidal behavior on schooling and labor market outcomes. Therefore, the basic econometric model can be expressed as:
where L i is one of the schooling/labor market outcomes for individual i, S i is a measure of suicidal behavior, X i is a vector of personal and family characteristics, and ε is the disturbance term.
Estimating unbiased effects of suicidal behaviors on labor market outcomes is a difficult task. Biased estimates can come from two sources of endogeneity. The first, statistical endogeneity, results from unobserved factors in the error term of equation 1 that are correlated with both the schooling/labor market outcomes and the suicidal behaviors. For example, a lack of a 6 caring home environment might lead to insufficient investment in activities of child development and nutrition. This in turn could result simultaneously in poor labor market outcomes and poor mental health status. Estimates of the impact of suicidal behavior that do not take account of this type of effect would be biased. The second source of endogeneity, structural endogeneity, comes from the potential reverse causality from labor market outcomes to mental illness and suicidal tendencies. As discussed above, unemployment and low wages may contribute to stress and poor mental health outcomes. Not accounting for this relationship would bias the estimates of the suicidal behaviors in equation 1.
We will attempt to address the potential endogeneity problems in a number of ways. First, we will try to control for the statistical endogeneity by specifying a full set of variables designed to minimize the unobserved factors left in the error term. These are variables designed to represent the home and family environment. By comparing models with and without the background variables, we will be able to see the extent to which correlations between suicidal behavior and outcome variables are affected by controls for these observable characteristics. We are also able to control for suicidal behaviors of the respondents and their family members from Wave 1, when these individuals were at high school. These will further help us eliminate the unobserved heterogeneity.
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Despite the richness of the data set, there may still exist unobserved factors that may be correlated with both suicide behavior and the schooling/labor market outcomes, causing biased estimates. In order to guard against this possibility, the genetic oversample of the data is exploited.
In particular, any observed or unobserved background measures common to both twins will be controlled by estimating a model with twin-fixed effects. To the extent that twin pairs are exposed 1 Selection bias may be present in our data as it is possible that individuals with severe mental illness in Wave 1 may have dropped out of the sample because of hospitalization or having committed suicide. If this is the case then our sample would represent people with less severe illnesses. The extent of the problem should be very small as only 41 of the original 20,745 adolescents were not re-interviewed because they were physically or mentally incapable. Another 96 adolescents died between Waves 1 and 3. The reason for death is unknown.
to the same unobservables, a fixed-effects approach will further eliminate unobserved heterogeneity. In order to implement this design, we restrict our sample to twin pairs, and estimate models of the form:
where X' is a vector of fewer control variables then specified in equation 1, and PairID is a unique identifier for each twin pair. Since any observed or unobserved background measures common to both twins will be controlled for by including the PairID, only things that differ between twins, such as gender, marital status, test scores, and drug use will be included in the vector X'. The twin-fixed effects is a powerful way to control for background characteristics that might be correlated with both the suicidal behaviors and the outcome measures. However, to the extent that there is random error in reports of suicidal behavior, fixed effects estimates from twin models may be biased towards zero.
In order to guard against any bias from potential measurement error and also to address a potential reverse causality from our outcome measures toward suicidal behavior, we will next turn to the instrumental variables (IV) method. The IV method can be used to address both forms of endogeneity discussed above. Instrumental variables will yield unbiased estimates of the effects of suicidal behaviors if instruments can be found which 1) predict suicidal behaviors; and 2) do not affect outcomes except through their effects on the probability that an individual is suicidal.
Variables describing the suicidal behaviors of friends from Wave 1 and Wave 3 will be used as instruments for identification under the assumption that these variables will predict an individual's own decision on suicide while having no direct impact on his/her labor market outcomes. 2 The IV method requires the estimation of a model for S i in the following form:
where Z is a vector of instruments. We can use equation (3) to construct the predicted probability of suicidal behavior for each individual, P(S i ). In the second step, we estimate equation (1) with S i replaced by P(S i ).
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IV. Data
The data for this project comes from the National Longitudinal Study of Adolescent Health active military duty, incarceration and being institutionalized, death, and failure to locate in repeated attempts. The Wave 3 respondents constitute our main analysis sample since these respondents are between the ages 18-26 and are engaged in productive activities. As described below, we also utilize a number of questions from Wave 1. The Add Health is specifically designed to provide information on individual behavior including sensitive topics such as sexual behavior, criminal and substance use/abuse, and suicidal behaviors. Survey administrators took several steps to maximize the accuracy of data. First, respondents were not provided with printed questionnaires. Rather, all data were entered into laptop computers. Second, on sensitive topics, respondents listened to pre-recorded questions through earphones and entered their answers directly into laptop computers. These steps are likely to eliminate or minimize any potential parental or interviewer influence. In any case, the parental influence is less of an issue for this paper because parents were not present in most of the interviews in Wave 3 as the respondents are adults, living separately from their parents.
One interesting feature of Add Health is the genetic oversample, which consists of a large number of twins. As one of our identification strategies, we limit our sample to twins and estimate fixed effect models. There a total of 578 twin pairs identified in our sample. There is also one set of triplets, which results in three twin pairs for our estimation purposes. It is noteworthy that the fractions of twins who report suicide thoughts and suicide attempts are similar to that reported in the full sample.
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Dependent Variables
We consider two measures of schooling and labor market outcomes in this paper. The first dependent variable is a dichotomous indicator for whether or not the individual is currently engaged in a productive (or work-related) activity. This indicates whether the individual currently works, attends school, or both. That is, the variable Work-School equals 1 if the respondent is either working, in school, or both, and equals 0 otherwise. We define individuals who are at school as engaging in productive activity because many individuals in our sample are still at school age. In fact about 37 percent reported going to school. The second dependent variable is the natural log of the hourly wage rate for those individuals who work. In Add Health, the respondents report the time period for their rate of pay from a list of hourly, daily, weekly, bi-weekly, bi-monthly, monthly, and yearly pay periods. Then they report their job earnings during that period as well as their usual number of hours of work per week. These answers can be combined to calculate an hourly wage rate for each worker. However, the number of hours of work has to be transformed to match the pay period before calculating the wage rate. For instance, for somebody being paid daily, the daily work hours is calculated by dividing weekly hours by five and for another person being paid monthly, monthly hours is calculated by multiplying weekly hours by four. However, this process may introduce considerable measurement error to the wage rate. This is likely to be a more
serious problem than what is usually faced in other survey because in most other surveys, the wage rate is calculated simply by dividing annual earnings with annual hours of work.
While using the calculated hourly wage will be problematic, one feature of Add Health actually enables us to obtain the hourly wage rate of one group of workers, those whose pay period is hourly. For these workers, the issue of measurement error will be minimal because the hours of work is not involved in the calculation in any way. These individuals report their hourly wage since they are paid hourly and to the extent that they remember their hourly wage correctly, this will be the cleanest measure. In our data, nearly 74 percent of workers are paid hourly. This will be our main group of analysis in the wage models. For this reason, our results are representative of workers who are paid on an hourly basis. It is noteworthy that when we also estimated our wage models for the entire sample of workers, the qualitative nature of the results remained the same, but the standard errors were larger. This is expected because measurement error is a more serious problem for the entire group of workers than it is for those who are paid hourly.
Suicide Variables
The Add Health contains a series of questions about suicidal behaviors of the respondents, their friends, and family members in each wave. The self-suicidal behavior questions include whether the respondent seriously thought about committing suicide in the past 12 months (termed suicide thoughts) and whether she/he attempted suicide in the past 12 months (termed suicide attempt). The two questions on suicide from Wave 3 constitute our primary measures of suicidal behavior. To the extent that suicide attempts are reflective of a more serious mental health problem than having just suicide thoughts, these two measures provide an opportunity to assess the differential effect of the degree of suicidal behavior on our outcome measures. For example, the rates of suicide thoughts and attempts from the 1991-1992 National Comorbidity Survey are 5.2 percent and 1.4 percent, respectively, for youths ages 15-24.
In Wave 3, 6.7 percent of our sample reported having friends who tried to kill themselves during the past 12 months, and about 3 percent reported having family members who tried to kill themselves during the same period. These numbers are down from 17.5 percent for friends and from 4.4 percent for family members in Wave 1. The decline in the individual's behavior and the friends' behaviors are consistent with the general decline in suicidal behavior between adolescence and adulthood. The decline in the suicidal behavior of family members between Wave 1 and Wave 3 is also consistent with the general decline in suicides that started in 1992 (Lubell et al. 2004 ).
As illustrated in Table 1 , 83.1 percent of our sample is engaged in a work or schooling activity. 7 The engagement in productive activity is less common (79 percent versus 83.4 percent) among those with suicide thoughts than those with none. The average hourly wage rate is about $9.50 and individuals with suicide thoughts earn 57 cents less per hour than non-suicidal individuals.
Other Control Variables
The richness of the Add Health allows us to control for a large set of background variables in our analyses. There are 34 variables in this set and their definitions and descriptive statistics are reported in Felitti 1998, and Dube et al. 2003) . However, many of these variables may be endogenous themselves, therefore models are estimated with and without these potentially endogenous variables so that we can gauge the effects of the inclusion or exclusion of these variables on the coefficients of interest.
In order to conserve a sample as large and representative as possible, we constructed a dummy variable for "missing category" for the variables for which at least one observation was missing due to any reason. 9 This method allows us to utilize a sample size of 14,779, which is larger than those usually employed in most other studies. Age in our sample only ranges from 18 to 26.
We use dummy variables for age in order to capture any non-linear association between age and the outcomes variables. Certain variables from Wave 1 are used to avoid the potential bias from any reverse causality. For example, we use the standard test scores and illicit drug use from Wave 1 because the current values may be endogenous to the current productive activity. Furthermore, we do not include the individual's own years of schooling into the models because (1) this variable may be endogenous; and (2) 37 percent of our sample is still in school. Instead, we adopt a quasireduced form approach by substituting in the determinants of human capital accumulation, such as mother's education, physical health, and non-wage income. However, we experimented with models that include the number of years of schooling, models that include the standard test scores from Wave 3, and models that are only estimated for the non-school sample (the outcome is "work" in that case). Results are all similar to those presented in this paper and are available upon request.
V. Results
We begin by discussing the determinants of suicide thoughts and attempts. The results in Table 2 display the effects of the suicidal behaviors of friends and family as well as personal characteristics on the probability of suicide thought or attempts among Add Health respondents.
These results will later be used as the first stage results in the labor market equations. Linear probability models are shown with robust standard errors to adjust for heteroskedasticity in the error term.
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The most striking result from Table 2 is that peer and family behaviors have a strong, positive relationship with the suicidal behaviors of respondents. For example, having a friend who attempted suicide in Wave 3 increases the probability of suicide thoughts by 12 percentage points and suicide attempts by more than 3 percentage points. Similarly, having a family member who had attempted suicide in the past 12 months increases suicide thoughts by 9 percentage points and suicide attempts by 3 percentage points. A past suicide attempt is highly associated with current suicidal behavior, increasing suicide thoughts and suicide attempts by 11 and 4 percentage points,
respectively. This result suggests that mental health problems during adolescence may have persistent effects on the mental health of individuals even after they enter adulthood. The past suicidal experiences of the friends and family members have effects in the expected direction (positive), but the magnitudes of the coefficients are small and are not estimated with much precision. For practical purposes, these effects are not distinguishable from zero.
A few other variables are worth mentioning for their efficacy in predicting suicide thoughts and attempts. Having a standardized test score in one of the top three percentile categories actually increases the probability of having suicide thoughts over those individuals having scores in the lowest 25 th percentile. It is interesting to note that the effect monotonically increases as one moves in the direction of higher test scores. 11 However, the differences disappear when suicidal attempts are considered. Having suffered any type of abuse as a child is positively related to current suicide thoughts (4.3 percentage points) and attempts (1.4 percentage points). A similar pattern is observed for the effect of having a father who was ever jailed, although the effect is only statistically significant for suicide thoughts. Being married and being in good physical health are negatively related to both suicide thoughts and attempts.
Tables 3A and 3B present OLS results for the effects of suicide thoughts and attempts on the probability of being in a productive activity as measured by working and/or being at school (columns 1 and 2) and on the log wage rate of hourly workers (columns 3 and 4). Tables 3A and   3B differ by the set of control variables, with the parsimonious specification in Table 3A and the expanded set of variables in Table 3B . Including the larger set of variables does not affect the sign or the statistical significance of the suicide coefficients in the work-school models, although the magnitude of the effects fall slightly when the larger set of variables is included. The results from Tables 3A and 3B indicate that having suicide thoughts decrease the probability of being in a productive activity by a range of 4 to 6 percentage points. Attempting suicide decreases the probability of being in a productive activity by a range of 10 to 14 percentage points. Using a specification with a rich set of control variables does not have much effect on the overall fit of the model as indicated by the R-squared values. The fact that controlling for a large set of background characteristics and past suicidal behavior reduces the effect of current suicide thoughts and attempts only slightly suggests that unobserved heterogeneity accounts for only a small percentage of the effect of suicidal behavior on productive activity and the wage rate. For example, having a jailed 11 The reason for including the test scores as dummies rather than as a continuous percentile is because the test scores are either missing for or not taken by about 5 percent of the respondents. In order to avoid dropping these individuals, we use dummy categories for test scores and include a dummy category for missing test scores. However, dropping observations with missing test scores and using a continuous test score variable produced results very similar to those presented in the paper.
father or having suffered some type of abuse as a child may cause negative labor market outcomes by increasing suicidal tendencies. If that is the case, the effect on suicidal behavior would actually represent the indirect effects of these adverse life experiences, not the effect of having a mental health problem that manifests itself through suicidal behavior. However, our results suggest that even after controlling for these negative life experiences, suicidal behavior has direct effects on current productive activity.
Suicidal behaviors appear to have much less of an impact in reducing the wage rate. The coefficients on suicide thoughts and attempts are all negative in the log wage equations in Tables   3A and 3B , but they are small in magnitude and only one of the coefficients is statistically different from zero and this is only at the 10 percent level.
Given the large set of control variables used in Table 3B , this is our preferred specification.
An interesting result that arises in Table 3B is that the current suicidal behaviors affect the decision to go to work or school holding constant past suicide attempts, and holding constant current and past suicide attempts of a family member. In fact, none of these other suicide measures are statistically significant predictors of the work-school decision, although the coefficients are negative as one would expect. In other words, it appears that the only way these factors affect the labor market and school decisions of individuals is through their influence on the current suicidal behaviors of individuals, as shown in Table 2 .
The results in Table 3B are informative in that they contradict the hypothesis put forth by Marcotte (2003) that individuals attempt suicide in order to elicit resources or care from others to improve their economic prospects. The coefficients on past suicide attempts on current wage rate and schooling and work outcomes are small in magnitude and are not statistically significant.
The other control variables in Table 3B are usually consistent with our expectations and the results from the relevant literature. High standard test scores at high school are associated with increases in working and schooling as well as the wage rate. Being in good physical health is a strong predictor of both productive activities and the wage rate. Mother's education increases the probability that someone is working or at school while having no significant effect on the wage rate.
Having spent time in foster care, having used illicit drugs at high school, and having a father who was jailed in the past have negative effects on working/schooling, while having no significant effect on the wages. Table 4 shows the results of two-stage least squares (TSLS) estimation of suicidal behaviors on the two outcomes. Here, only the results from our preferred specification (the full specification)
are reported since the inclusion of the potentially endogenous variables does not have a large effect on the coefficients on the suicide variables. The TSLS results are qualitatively similar to those in Table 3B , but the magnitudes are much larger. Having suicide thoughts or a suicide attempt decreases the probabilities of being in a productive activity by 17 percentage points and 60 percentage points, respectively. Suicide thoughts and attempts may also decrease the log wage rate by 19 percent and 39 percent, respectively. However, the effect of the suicide attempt is not significant at conventional levels. The validity of our instrumental variables analyses hinges on the assumption that friends' suicidal behaviors are associated with the individuals' own suicidal behaviors, while having no direct association with the outcome measures that we examine. Our confidence on the reliability of the TSLS estimates are validated by the various test statistics reported at the bottom of Table 4 . Taken together, the two instruments, a friend's attempt in the first wave and a friend's attempt in the third wave, are strong predictors of current suicidal behaviors as indicated by the F-statistics. The Durbin-Wu-Hausman test results indicate that OLS estimate is inconsistent at less than 10 percent level in all the models with the exception of the wage equation for the suicide attempt model. Note that the suicide attempt coefficient in the wage column was not estimated with much precision in both the OLS and the TSLS models. Finally, the results from the over-identification tests suggest that the instruments can be appropriately excluded from the second stage equations. Thus, we believe that we have supportive evidence in favor of TSLS over the OLS estimates.
The results from the twin sample which includes the twin fixed effects are show in Table 5 .
We believe the results of these specifications are particularly reliable since the fixed effects can control for a host of unmeasured, time invariant characteristics that might be correlated with the suicidal behaviors and the outcome measures. Obviously, the number of control variables in the twin models is much lower than the others as many of the background variables exhibit no variation between sibling pairs. The results are largely consistent with those of the previous tables. Due to the reduced sample size and variation in variables across twins, most of the coefficients are not estimated with much precision. However, three of the four coefficients on the suicidal behaviors are statistically significant at conventional levels. Columns 1 and 2 show that the suicidal behaviors are negatively and statistically significantly related to the probability of being in a productive activity. Column 3 shows that suicide thoughts are associated with decreased wages, but there is no statistically significant effect of suicide attempts on wages in column 4.
The fact that all of the three strategies that we employ to tease out both the unobserved heterogeneity and reverse causality points to a negative link between the suicidal behavior and our outcome measures provides further evidence that these effects are in fact causal.
Specification Checks
One can argue that the family members' suicide attempts may be endogenous to the individuals' own suicidal behavior. For example, a respondent may attempt suicide and a parent may follow in response. If this is the case, our results from the OLS and twin-fixed effects could be biased. However, the coefficients on the family members' suicide attempts are not statistically significant in any of our models. In fact, our results basically remained the same when we excluded these variables from our models.
Our instrumental variables method would account for the potential reverse causality from labor market and schooling outcomes through suicidal behavior. A useful exercise would be to estimate models that only includes the past suicidal behavior since these models are not subject to any reverse causality problem to begin with. Also having both the current and past suicidal behavior in the same models might be problematic due to multicollinearity. Therefore, we estimated our models excluding the current suicidal behavior variables. In these models, past suicidal attempts have negative coefficients for both the work-school and log(wage) models, but neither of them are statistically significant at conventional levels. This is consistent with the results in Tables 3B and 4, where the effect of past suicide attempt, although negative in seven out of eight models, is never estimated with much precision. These results suggest that suicidal behavior during high school do not have direct effects on the labor market and school outcomes of individuals at early adulthood.
However, it certainly has effects for the current suicidal behavior of individuals as illustrated in Table 2 .
In order to see if suicidal behaviors have a differential impact on the decisions to go to work, school, or both, we estimate a multinomial logit model. In doing this, we have separated the dichotomous indicator of being in a productive activity into its possible components. The decisions modeled in this table are 1) school, 2) work, 3) school and work together, or 4) no work and no school, which is the omitted reference category. Note that estimating a fixed effects multinomial logit model in our context may be problematic because it has been shown by Monte Carlo simulations that the fixed effects estimator produce a large finite sample bias in discrete choice models when the number of observations in each group is very small (Green 2002). In our case, there are two individuals in each twin pair by definition. Therefore, the fixed effects model in this 20 context will be unreliable so we rely on the expanded set of variables to help control for omitted variables.
The estimates from the multinomial logit model are presented in Table A1 . The coefficients in the first two rows indicate that suicidal behaviors as measured by suicide thoughts and suicide attempts decrease the probability that an individual is engaged in work, school, or both of these activities in comparison to the omitted category of not working and not going to school. In terms of marginal effects, having suicide thoughts reduces the probability of schooling activity with no work by 1.2 percentage points, the probability of work with no schooling activity by 1.3 percentage points, and the probability of working and schooling at the same time by 1.4 percentage points.
Therefore, the overall effect of suicide thoughts on productive activity is 3.9 percentage points.
These results suggest that suicide thoughts are equally detrimental for the work and schooling activities. The marginal effects on the last three columns indicate that suicide attempts have a negative effect of 10 percentage points on productive activity. This 10 percentage effect is almost equally shared between work with no schooling activity (4.5 percentage points) and work with schooling activity (5.5 percentage points), with no effect on the schooling with no work activity.
Finally, there may exist some state level variables that can influence both the suicidal behavior and labor market outcomes. For example, a high unemployment rate in a state may depress labor market opportunities for individuals. At the same time, a high unemployment rate may also cause mental health problems and may in turn increase suicidal tendencies. Because of the concerns about confidentiality, state identifiers have not been made available to the researchers. Therefore, it is not possible to control for any state level characteristics from Wave 3, such as unemployment rate. However, the pseudo-identifiers for states are available, which allows for estimation of models with state fixed effects. These models would control for any type of state level unobservables that would be correlated with both the suicidal behavior and the outcome variables. We repeated our analyses including the state fixed effects in the models. None of the implications discussed in this paper has changed as a result of this exercise. Given the negligible effects of these dummies on the coefficients of suicide variables, we present the more parsimonious models in this paper.
VI. Conclusion
This paper expand our understanding of the link between mental health and labor market outcomes by providing insights into the effects of suicidal behavior on the outcomes of productive activity of young adults. The suicidal behaviors are measured as suicide thoughts and suicide attempts, and productive activities are measured as engaging in work and/or schooling activities and the hourly wage rate. Obtaining a reliable effect of suicidal behavior on productivity outcomes can be problematic because of the presence of unobserved heterogeneity and a potential reverse causality. In this paper, we employ three strategies to eliminate these problems. First, we control for a very large set of background variables that are likely to be correlated with both suicidal behavior and our outcome measures. Second, we use the instrumental variables method to control for both unobserved heterogeneity and reverse causality. Finally, we estimate models with twin fixed effects to sweep out any unobservables that are common to both twins.
The results from all three approaches suggest that suicide thoughts and attempts have negative effects on the work and schooling decisions of young adults. Having thought about committing suicide in the past 12 months also has a negative effect on hourly wage rates. The wage effect of suicide attempts also tends to be negative, but is not statistically significant in any model.
Nevertheless, all of the effects are found to be robust to different sets of control variables and various specification tests.
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The results shown in this paper highlight the costs to individuals and to society resulting from suicidal behaviors, and more generally, the underlying mental illnesses they represent. The fact that all of the three strategies that we employ to tease out both the unobserved heterogeneity and reverse causality points to a negative link between the suicidal behaviors and the outcome measures makes us believe that the detrimental effects are consistent with a causal explanation.
Furthermore, the small and statistically insignificant coefficients on past suicide attempts arising from models that both include and exclude current suicidal behaviors suggest that there is no long term effect of past attempts (i.e. attempts during high school) on future human capital formation.
This result should be interpreted with caution, however, as teenagers who attempt suicide may receive mental health treatment that prevents future deleterious effects. a Omitted category *, **, and *** indicate that the mean is statistically different between the sample with suicide thoughts and those without at the 10%, 5%, and 1% levels, respectively. Models also include missing dummy categories for friends' suicidal behavior, family members' suicidal behavior, abuse, foster care, jailed father, drug use, standard test scores, mother's education, and non-wage income. Robust standard errors are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
Models also include missing dummy categories for family members' suicidal behavior, abuse, foster care, jailed father, drug use, standard test scores, mother's education, and non-wage income. Models also include missing dummy categories for family members' suicidal behavior, abuse, foster care, jailed father, drug use, standard test scores, mother's education, and non-wage income. 
